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TI ENGINEERED PROTEIN BINDING DOMAINS AND METHODS AND SYSTEMS FOR THEIR 

DESIGN AND USE 
INF Gonzalez; Cayetano, Heidelberg, DE 

Lacroix; Emmanuel, Paris, FR 

Reina; Jose, Heidelberg, DE 
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GI 15 Figure (s) . 

FIG. 1 illustrates an embodiment of the methods of the present invention. 
FIGS. 2A-C illustrate a first exemplary precursor protein domain. 



FIGS. 3A-B illustrate a second exemplary precursor protein domain. 
FIGS. 4A-B illustrate a third exemplary precursor protein domain. 
FIG. 5 illustrates exemplary systems of the present invention. 
FIG. 6 illustrates a schematic description of the preferred 

computer-assisted molecular design software, known as Perla. 
FIG. 7 illustrates plasmid pQEPDZ3, a plasmid containing a fusion between 

the third PDZ domain of PSD95 (amino acid 302402) and the polyhistidine 

(6XHis) . 

FIG. 8 illustrates interactions between different PDZ domains and target 
peptides revealed by two-hybrid analysis. The plate labeled Eg5B contains 
the following results: (A) PDZEg5+EGFP; (B) PDZEb5 +EGFP - tub ; (C) 
PDZEg5+EGFP-pep; (D) PDZEgS+GalBd; (E) PDZEg5+EGFP-Eg5 and (F) 
PDZ-3+EGFP-eg5 . Only the PDZEg5+EGFPEg5 combination results in viable 
cells showing that the redesigned PDZEg5 domain specifically interacts 
with its target peptide present in the EGFPP-Eg5 fusion protein. The 
plate labeled PDZ-3 contains the following results: (A) PDZ-3+EGFP; (B) 
PDZ-3+EGFP-tub; (C) PDZ-3EGFP-Eg5 : (D) GaLAD+GalBD ; (E) PDZ3+EGFP-pep ; 

(F) PDZ-3+EGFP-pep. This is the positive control showing that the PDZ-3 
domain specifically interacts with its target peptide present in the 
EGFP-pep fusion protein. 
FIG. 9 illustrates affinity chromatography. The original PDZ domain 

(PDZ-3) and the redesigned PDZ (PDZ-Eg5) were immobilized in a solid 
phase and their efficiency to bind nonmodified GFP (A) and GFP fused to 
either the C-terminal peptide recognized by the original PDZ (B) or the 
C-terminal peptide of Eg-5 (C) was determined by Western Blot. PDZ-3 
binds only to its naturally recognized target peptide. The re-designed 
PDZEg5 binds only to the Eg-5 C-terminal peptide. 
FIG. 10 illustrates sub-cellular localization of a protein fusion made of 
GFP and a PDZ domain that had been engineered to recognize the 
centrosome-associated protein Eg5 . The redesigned PDZ domain that 
recognizes the C-terminus of Eg5 (PDZ-Eg5B) fused to GFP can be seen to 
accumulate around the microtubule organizing center where Eg5 is located 

(See, e.g., Cell 83:11591169 (1995); J Neurosciences 18:7822-7835 

(1998) ) . 

FIG. 11 illustrates combining two separate PCR products with overlapping 
sequence into one longer product . The two overlapping primers are shown 
containing a mismatched base to the target sequence. 

FIG. 12 illustrates using inside primers for the creation of deletions (A) 
or small insertions (B) . 

FIG. 13 illustrates recombinant PCR. Primers and sequences are shown for 
the joining of gene and promoter sequences. 

FIG. 14 illustrates determination of the affinity of a domain to a target 
by means of micro-calorimetry . 

FIG. 15 illustrates the results of methods of the present invention 
applied to re-design a wild type PDZ domain (designated PDZ-Wt*) to bind 
to its natural target, the last nine amino acids of the protein CRIPT 
(designated as "pep"). In (A), the re-designed domain (PDZ-Wt*) is bound 
to a substrate for affinity purification of 

GFP (green fluorescent protein) alone (lane labeled "GFP") , GFP 
fused with last nine amino acids of CRIPT (lane labeled "GFP-Pep"), and 
GFP fused with the last nine amino acids of eg5 Kinesin (lane labeled 
"GFP-eg5") . (A) demonstrates that PDZ-Wt* binds only to GFP-pep. In (B) , 
two-hybrid assay results of PDZ-Wt* fused to the activation domain of 
gal4 (labeled pGAD wt*) with different GFP-fusions: "pGBKT7 -GFP" 
designating GFP fused to the binding domain of GAL4 ; "pGBKT7-GFP-pep" 
designating GFP-pep fused to the binding domain of GAL4; and 
pGBKT7 -GFP-eg5 designating GFP-eg5 fused to the binding domain of GAL4 . 
(B) demonstrates cell viability occurs only when pGAD wt* binds to 
pGBKT7 -GFP-pep. 

The present invention rapidly and efficiently provides proteins 
engineered to bind to arbitrary target proteins requiring only knowledge 
of the amino acid sequences of short portions of the target proteins (for 
example, either the amino or the carboxy termini) . This invention 
provides such proteins as well as methods and systems for their design, 



synthesis and use, and especially provides for use of a plurality of 
binding proteins in array format. The engineering methods of the present 
invention take a precursor protein known to already bind to a short 
peptide and engineer alterations in precursor proteins so that it binds 
to a new target peptide by using computerassisted molecular design 
techniques and optional assay for actual binding. The invention also 
provides arrays and libraries of binding proteins and methods of using 
binding proteins . 
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AB Site-specific proteases, which catalyze cleavage of peptide bonds in 

specific amino acid sequences of target proteins, play important roles in 
various biological events of many living organisms. In humans, disruption 
in regulation of these site-specific proteases can lead to pathological 
consequences. Here, we report a simple in vitro assay for enzymatic 
activities of site-specific proteases. This assay system employs a 
protein substrate molecule that is comprised of (i) His-tag binding 
module, (ii) cleavage sites, and (iii) green fluorescent protein (GFP) 
detection module. In this study, prostate-specific antigen (PSA) and 
Thrombin- specif ic cleavage sites were introduced into the substrate 
molecules. The overexpressed GFP substrate protein 
was purified with the aid of Ni++-charged magnetic beads. On 
cleavage by either PSA or Thrombin, GFP was released from the bound 
magnetic beads, enabling a direct measurement of the cleaved product by 
fluorescence. Detection sensitivity, as well as the kinetics of reaction 
of PSA cleavage with the GFP substrate, was similar or better than 
commercially available PSA fluorogenic peptide substrate. This 
bead-attached GFP substrate was also used for an inhibition assay using a 
competitive inhibitor of Thrombin. In conclusion, this assay offers a 
simple fluorescent method for monitoring the activity of the site-specific 
proteases. Furthermore, this system provides flexible means of 
incorporating varying sizes of flanking sequences adjacent to the cleavage 
site, which can be essential for studying the regulatory macromolecular 
interactions between proteases and their substrates. 
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AB Site-specific proteases, which catalyze cleavage of peptide bonds in 

specific amino acid sequences of target proteins, play important roles in 
various biological events of many living organisms. In humans, disruption 
in regulation of these site-specific proteases can lead to pathological 
consequences. Here, we report a simple in vitro assay for enzymatic 
activities of site-specific proteases. This assay system employs a protein 
substrate molecule that is comprised of (i) His-tag binding module, (ii) 
cleavage sites, and (iii) green fluorescent protein (GFP) detection 
module. In this study, prostate-specific antigen (PSA) and 
Thrombin-specif ic cleavage sites were introduced into the 
substrate molecules. The overexpressed GFP 
substrate protein was purified with the aid of 

Ni++-charged magnetic beads. On cleavage by either PSA or Thrombin, GFP 
was released from the bound magnetic beads, enabling a direct measurement 
of the cleaved product by fluorescence. Detection sensitivity, as well as 
the kinetics of reaction of PSA cleavage with the GFP substrate, was 
similar or better than commercially available PSA fluorogenic peptide 
substrate. This bead-attached GFP substrate was also used for an 
inhibition assay using a competitive inhibitor of Thrombin. In conclusion, 
this assay offers a simple fluorescent method for monitoring the activity 
of the site-specific proteases. Furthermore, this system provides flexible 
means of incorporating varying sizes of flanking sequences adjacent to the 
cleavage site, which can be essential for studying the regulatory 
macromolecular interactions between proteases and their substrates. 
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